The baryon axial vector current is computed at one-loop order in large-Nc baryon chiral perturbation theory, where Nc is the number of colors. Loop graphs with octet and decuplet intermediate states are systematically incorporated into the analysis and the effects of the decuplet-octet mass difference and SU(3) flavor symmetry breaking are accounted for. As expected, large-Nc cancellations between different one-loop graphs are observed as a consequence of the large-Nc spin-flavor symmetry of QCD baryons. Fitting our analytical formulas against experimental data on baryon semileptonic decays and the strong decays of decuplet baryons, a detailed numerical analysis regarding the determination of the basic parameters of large-Nc baryon chiral perturbation theory as well as the extraction of the baryon axial vector couplings is performed. The large-Nc baryon chiral perturbation theory predictions are in very good agreement both with the expectations from the 1/Nc expansion and with the experimental data.
intermediate states yields sizable cancellations between one-loop corrections. This observation, as we will illustrate in the present work, can be rigorously explained in the context of the 1/N c expansion.
A very powerful method -the one we will use in the present work -is constituted by the combined use of the 1/N c expansion and chiral perturbation theory [54] . It describes the interactions between the spin-1 2 baryon octet and the spin-3 2 baryon decuplet with the pseudoscalar Goldstone boson octet augmented by the η ′ . Observables that have been calculated within this combined framework include baryon masses [54] [55] [56] [57] , baryon magnetic moments [58] [59] [60] [61] [62] and the baryon axial vector current [35] [36] [37] [38] [39] 57] . When computing the renormalization of the baryon axial vector current at one-loop order, large-N c cancellations between various Feynman diagrams occur, provided that both octet and decuplet intermediate states are considered. While the general structure of these cancellations was analyzed in Ref. [39] , the explicit evaluation of the corresponding operator expressions, which involve complicated structures of commutators and/or anticommutators of the SU(6) spin-flavor operators, was discussed in Ref. [35] .
In the present work we go beyond the analysis of Ref. [35] in various ways. As we will discuss in detail in Sec. III, we extend the operator analysis by including all effects which are suppressed by 1/N 2 c relative to the tree-level value, which includes to take into account the non-vanishing decuplet-octet mass difference ∆. Moreover, effects related to SU(3) flavor symmetry breaking are included as follows: On the one hand, at tree level, we include all relevant operators which explicitly break SU(3) at leading order. On the other hand, in the one-loop corrections, SU(3) symmetry breaking is accounted for implicitly, since the loop integrals depend on the pion, kaon and η masses. As an application of our formalism, given the precision of our analytic expressions, we are then able to perform various fits in order to determine the basic parameters of large-N c baryon chiral perturbation theory as well as to extract baryon axial vector couplings from baryon semileptonic decays and from the pion decays of decuplet baryons.
The rest of the paper is organized as follows. In Sec. II we provide an outline of the basic ingredients of large-N c baryon chiral perturbation theory needed in the present work. In Sec. III, the renormalization of the baryon axial vector current is presented and the large-N c cancellations are illustrated. The incorporation of SU(3) symmetry breaking effects into the operator analysis is performed in Sec. IV, while Sec. V contains a detailed numerical analysis regarding the determination of the basic parameters of large-N c baryon chiral perturbation theory and the extraction of g A from baryon semileptonic decays and the strong decays of decuplet baryons, our conclusions are presented in Sec. VI. Finally, technical details regarding loop integrals, commutator/anticommutator operator structures, flavor 8 and 27 contributions to the baryon axial vector couplings, as well as matrix elements of baryon operators are relegated to four different appendices.
II. OVERVIEW OF LARGE-Nc CHIRAL PERTURBATION THEORY
In order to introduce our notation and conventions, in this section we provide an overview of the chiral Lagrangian for baryons in the 1/N c expansion introduced first in Ref. [54] . This Lagrangian, which incorporates nonet symmetry and the contracted spin-flavor symmetry for baryons in the large-N c limit, can be written as
with
The ellipses in Eq. (1) denote higher partial wave pion couplings which occur at subleading orders in the 1/N c expansions for N c > 3. In the large N c limit, all of these higher partial waves vanish, and the pion coupling to baryons is purely p wave. Therefore, the only terms relevant for our analysis are those displayed in Eq. (1) .
Meson fields enter the Lagrangian (1) through the vector and axial-vector combinations
where Π(x) represents the nonet of Goldstone boson fields and f ≈ 93 MeV/c 2 is the pion decay constant. Each of the different terms in the Lagrangian (1) contains a baryon operator. While the baryon kinetic energy term involves the spin-flavor identity, M hyperfine represents the hyperfine baryon mass operator which incorporates the spin splittings of the tower of baryon states with spins 1/2, . . . , N c /2 in the flavor representations. The quantities A k and A kc stand for the flavor singlet and flavor octet baryon axial vector currents, respectively. All these baryon operators can be written as polynomials in the SU(6) spin-flavor generators [19] 
Here q † and q are SU (6) operators that create and annihilate states in the fundamental representation of SU (6) , and σ k and λ c are the Pauli spin and Gell-Mann flavor matrices, respectively. The SU(6) spin-flavor generators satisfy the commutation relations listed in Table I .
The 1/N c expansions of the baryon flavor singlet and octet axial vector currents were derived in Ref. [19] . Taking into account that A k is a spin-1 object and a singlet under SU(3), its 1/N c expansion amounts to
where
The superscript on the operator coefficients of A k denotes that they refer to the baryon singlet current. At the physical value N c = 3, Eq. (5) reduces to
The flavor octet current A kc , on the other hand, is a spin-1 object, an octet under SU(3) and odd under time reversal. Its 1/N c expansion reads [18, 19] A kc = a 1 G kc + 
where the unknown coefficients a 1 , b n , and c n have expansions in powers of 1/N c and are order unity at leading order in the 1/N c expansion. The first few operators in expansion (7) are
while higher order terms can be obtained as D (7) can be truncated as
Let us stress the fact that at the physical value N c = 3, the 1/N c expansion only extends up to 3-body operators, such that there are only four terms in the expansion for the baryon octet axial vector current Eq. (11) in the flavor SU(3) limit. Note again that the unknown coefficients a 1 , b 2 , b 3 and c 3 are all of order unity for large N c (see Ref. [20] ). The matrix elements of the space components of A kc between SU(6) symmetric states yield the values of the axial vector couplings. For the octet baryons, the axial vector couplings are g A , as defined in experiments in baryon semileptonic decays, normalized in such a way that g A ≈ 1.27 for neutron β decay. For decuplet baryons, the axial vector couplings are g, which are extracted from the widths of the strong decays of the decuplet baryons into octet baryons and pions.
Finally, the 1/N c expansion of the baryon mass operator M takes the form [18, 19] 
where m n are unknown coefficients. The first term on the right-hand side is the overall spin-independent mass of the baryon multiplet and is removed from the chiral Lagrangian by the heavy baryon field redefinition [47] . The other terms are spindependent and represent M hyperfine introduced in the chiral Lagrangian (1) . For N c = 3 the hyperfine mass expansion reduces to a single operator
Again we emphasize that at the physical value N c = 3, the 1/N c expansion for the baryon mass operator M only extends up to 3-body operators, such that there are only two terms in Eq. (12) . While the above expression for the flavor octet axial current A kc refers to the SU(3) symmetry limit, we also want to include effects into the operator analysis which result from explicit SU(3) flavor symmetry breaking. Indeed, as we discuss in detail in Sec. IV, the flavor octet axial current A kc will receive additional terms which account for SU(3) breaking.
III. RENORMALIZATION OF THE BARYON AXIAL VECTOR CURRENT
The 1/N c baryon chiral Lagrangian displayed in Eq. (1) has been applied to the calculation of non-analytic meson-loop corrections to various static properties of baryons. Among them, the chiral corrections to the axial vector coupling g A have been tackled in Refs. [35, 39] .
The one-loop diagrams that renormalize the baryon axial vector current A kc are displayed in Fig. 1 20, 35, 39] have shown that these loop graphs have a calculable dependence on the ratio m Π /∆, where m Π denotes the meson mass and ∆ ≡ M T − M B is the decuplet-octet mass difference. However, in order for the theory to be valid, the conditions m Π ≪ Λ χ and ∆ ≪ Λ χ must be met, while the ratio m Π /∆ is not constrained and can take any value. Also, the meson-baryon vertex is proportional to g A /f . In the large-N c limit, g A ∝ N c and f ∝ √ N c so the pion-baryon vertex is of order O( √ N c ). The meson and baryon propagators are independent of N c and so are the loop integrals because in the MS scheme they are given by the pole structure of the propagators.
The loop graphs of Fig. 1 possess a rather different N c -dependence. Due to the fact that Figs. 1(a,b,c) can be combined into a single structure [35, 39] , we first deal with the correction arising from these diagrams and postpone the discussion of diagram 1(d). The contribution from Fig. 1(a,b,c) contains the full dependence on the ratio ∆/m Π and can be written as [39] 
Here A kc is the baryon axial vector current operator given in Eq. (11), M is the baryon mass operator given in Eq. (12) and Π 
Equations (16)- (18) are linear combinations of
, and F (n) (m η , 0, µ), which account for the loop integrals. Indeed,
where µ is the scale parameter of dimensional regularization. The function F (m Π , ∆, µ) along with its derivatives are given explicitly in Appendix A. In the degeneracy limit one finds
Notice that in Eq. (20) we have kept non-analytic terms in the quark mass explicitly. Analytic terms are scheme dependent and have the same form as higher dimension terms in the chiral Lagrangian so they have been omitted. It is important to note that the one-loop correction to the axial current Eq. (14) takes into account SU(3) flavor symmetry breaking. These leading non-analytic corrections to the SU(3) symmetry limit are contained in the loop integrals which depend on the meson masses and thus break SU(3) symmetry implicitly through the terms m In other words, we need to retain terms up to order O(1/N 3 c ) in δA kc in Eq. (14) . To facilitate the computation, we keep in mind two things. First, we can make use of the 1/N c power-counting scheme introduced in previous works [35, 39] , which states that, for baryons with spins of order one,
This is equivalent to state that factors of J i /N c are 1/N c suppressed relative to factors of T a /N c and G ia /N c . We can safely implement this N c counting rule provided that we restrict ourselves to the lowest-lying baryon states, namely, those that constitute the 56 dimensional representation of SU (6) .
Second, we should also take into account that an odd or an even number of insertions of the baryon mass operator in Eq. (14) yields structures with a rather different order in N c . This N c -dependence was determined in Ref. [39] throughout a detailed analysis. The basic idea is quite simple: one needs to count powers of J because of the 1/N c suppression the factor J/N c introduces. For instance, in A kc and M the spin operator J appears a minimum of 0 and 2 times, respectively. Let r be the number of J's from A kc and M beyond these minimum values in a given structure. Thus, contributions with no mass insertion in Eq. [39] . Let us remark that this power counting already includes a 1/N c suppression due to the overall factor 1/f 2 which comes along with the loop integral. Let us analyze the implications this power counting scheme has on the different summands in Eq. (14) . The first one is
the Feynman diagrams of Figs. 1(a,b,c) , provided that all baryon states in a complete multiplet of the large-N c SU(6) spinflavor symmetry are included in the sum over intermediate states and that the axial coupling ratios predicted by this spin-flavor symmetry are used [39] . By explicit computation, it has been shown that this double commutator is of order O(N c ) at most [35] . Therefore, expression (22) yields an overall correction of order O(1/N c ) to the tree-level value if one takes into account that f is of order O( √ N c ). By using the counting rules discussed above, the terms with r = 0, 1, 2 in the product AAA, namely, GGG, GGD 2 , GD 2 D 2 , GGD 3 and GGO 3 , are found to contribute to the same order to the double commutator, namely, order O(N c ). Thus, these terms, along with the factor 1/f 2 from the loop integral, make up the corrections of order O(1/N c ) to the tree-level value -which is order O(N c )-discussed above. At next subleading order, the terms with r = 3, i.e. D 2 D 2 D 2 , GD 2 D 3 , and GD 2 O 3 , will make up corrections of order O(1/N 2 c ) to the tree-level value, including again the factor 1/f 2 . The second summand in Eq. (14) , with one mass insertion, is
This is one of the corrections we are concerned with in the present work. Although the baryon mass operator M enters explicitly in the above expression, one is left with the hyperfine mass splitting operator M hyperfine instead, because the spin-independent term in M in Eq. (12) is proportional to the identity operator and hence drops out of the commutator. According to the N c power counting rules, for r = 0, 1 the terms in the product AAAM, namely, GGGJ 2 and GGD 2 J 2 , produce corrections of order O(1/N c ) to the tree-level value, whereas at next subleading order, for r = 2, the contributions GD 2 D 2 J 2 , GGD 3 J 2 and GGO 3 J 2 yield corrections of order O(1/N 2 c ) relative to the tree-level value. Finally, for two mass insertions the expression reads
By using the N c power counting rules, we infer that in the product AAAMM terms with r = 0, i.e. GGGJ 2 J 2 , and r = 1, i.e. GGD 2 J 2 J 2 , will yield corrections of orders O(1/N c ) and O(1/N 2 c ) to the tree-level value, respectively. Also, an interesting piece of information we can extract is that the dominant 1/N c corrections from the baryon mass splittings are due to multiple insertions of the J 2 operator rather than contributions of powers of J 2 . For instance, two insertions of J 2 -like in GGGJ 2 J 2 -are larger (by one power of N c ) than one insertion of J 4 -like in GGGJ 4 . Now that we have identified the various contributions required to the order of approximation implemented in the present study, we proceed to evaluate them along the lines discussed in Ref. [35] . The structures involved contain n-body operators, 1 with n > N c , which are complicated commutators and/or anticommutators of the one-body operators J k , T c , and G kc . All these complicated operator structures should be reduced and rewritten as linear combinations of the operator basis, with n ≤ N c . The reduction, although lengthy and tedious in view of the considerable amount of group theory involved, is nevertheless doable because the operator basis is complete and independent [18, 19] . All the necessary reductions are listed in Appendix B for the sake of completeness.
Without further ado, the one-loop correction to A kc to relative order O(1/N 2 c ) can be written as
and
The 8 and 27 contributions can be found in Appendix C for the sake of completeness.
Equations (30)- (37) and their analogues for the 8 and 27 contributions listed in Appendix C have been rearranged to display leading and subleading terms in 1/N c explicitly. Although the resultant expressions are rather breathtaking, they are indeed illustrative. It is now evident that large-N c cancellations occur in the evaluation of the structures appearing in Eq. (14) , both for ∆ = 0 and ∆ = 0, such that δA kc is at most of order O(1), or equivalently, O(1/N c ) times the tree-level value. This is consistent with being a quantum correction. Also, in the definitions of the coefficients s i , o i and t i we have set m 2 = ∆, which is a consequence of the one-to-one correspondence between the parameters of the octet and decuplet chiral Lagrangian and the coefficients of the 1/N c chiral Lagrangian for N c = 3 [54] , namely,
so ∆ is trivially given in terms of m 2 for N c = 3. Finally, as far as the one-loop graph of Fig. 1(d) is concerned, it does not depend on the ratio ∆/m Π . Its analysis has been discussed in full in Ref. [35] and will not be repeated here. At any rate, this contribution is taken into account in the present analysis.
IV. THE AXIAL-VECTOR CURRENT WITH PERTURBATIVE SU(3) BREAKING
One important piece of information that should be accounted for in the present analysis is the issue of perturbative SU(3) symmetry breaking for the baryon axial vector current operator A kc . Let us recall that A kc is a spin-1 object and transforms as a flavor octet under SU(3). Flavor symmetry breaking also transforms as an octet under SU(3).
If we neglect isospin breaking and include first order SU(3) symmetry breaking, then A kc has pieces transforming according to all SU(3) representations contained in the tensor product (1,
In principle, δA kc SB is of order O(ǫN c ) and can not be neglected compared to the terms retained in A kc , Eq. (11). We follow the lines of Refs. [19, 20, 62] in order to construct the operators that occur in (39) The 1/N c expansion for the (1, 1) operator, to relative order 1/N 2 c , contains two terms, namely,
where the superscripts attached to the coefficients c 
Time reversal rules out a similar series with the d symbol replaced by the f symbol. There is another series for the (1, 8) operator; it starts with the term
and higher order terms can be constructed by anticommuting the leading operator with J 2 /N 2 c . Let us notice that
The right-hand side of Eq. (43) shows that the operator only contributes to processes where both spin and strangeness are changed. These processes have not been observed, so the series (42) will be excluded.
To relative order 1/N 2 c , the series for the (1, 10 + 10) operator contains a two-and a three-body operator, namely,
which require subtractions of the flavor-octet operators [19] . The series for the (1, 10 + 10) symmetry breaking term can thus be written as
Further reductions imply that
so the subtracted terms in (45) are irrelevant as they correspond to processes where both spin and strangeness are changed.
D. (1, 27) Finally, to relative order 1/N 2 c , the series for the (1, 27) operator contains three terms: one two-body operator and two three-body operators, which read
These operators require subtractions of the flavor-singlet and flavor-octet pieces [19] . The (1, 27) symmetry breaking series thus reads,
Again, further reductions yield
As expected, the subtraction of flavor-singlet and flavor-octet pieces in the 1/N c expansion (49) contains operators already defined in the series (40) and (41), such that in the 1/N c expansion (49) we only have to keep the terms displayed in Eq. (48).
E. Total correction to the baryon axial-vector current
The baryon axial-vector current A kc , Eq. (11), gets corrections due to one-loop and perturbative SU(3) symmetry breaking contributions alike. The one-loop correction, δA (25), and Fig. 1(d) , discussed in Ref. [35] . The perturbative SU(3) breaking corrections come from Eq. (39) . The overall correction to the baryon axial-vector current thus amounts to
The matrix elements of the space components of A kc + δA kc between SU(6) symmetric states yield the values of the axial vector couplings. Again, for the octet baryons, the axial vector couplings are g A , as defined in baryon semileptonic decays, normalized such that g A ≈ 1.27 for neutron β decay. For decuplet baryons, the axial vector couplings correspond to the quantities g, which are extracted from the widths of the strong decays of decuplet baryons into octet baryons and pions. In the next section we provide various numerical analyses in order to compare our expressions with the experimental measurements.
V. FITTING THE DATA
In this section we perform a detailed comparison of the cumbersome expression (53) with the available experimental data through some least-squares fits, in order to get information about the free parameters of the theory. The numerical analysis can be performed in several ways. We first choose to study the effects of the one-loop corrections only by comparing the theoretical expressions with the available data on baryon semileptonic decays. Then we proceed to incorporate the effects of both one-loop and perturbative SU(3) breaking corrections into the analysis, using the experimental data on baryon semileptonic decays and the strong decays of the decuplet baryons.
A. Fits to the data on baryon semileptonic decays: Effects of one-loop corrections
The available experimental data on baryon semileptonic decays is listed in Table II in the form of the total decay rate R, angular correlation coefficients α eν and spin-asymmetry coefficients α e , α ν , α B , A and B, along with the measured g A /g V ratios. A word of caution is in order here. Most data on angular correlation and asymmetry coefficients are rather old, dating back from the 80's of the past century. We have borrowed the world averages reported in Ref. [65] for hyperon semileptonic decays. The decay rates and g A /g V ratios, on the other hand, are found in Ref. [2] , except for the ratio g A /g V of the Ξ − → Σ 0 process, which is also given in Ref. [65] . For the n → p process, however, from present experimental results [2] for the orderzero angular coefficients B, A and a, we have obtained the corresponding angular coefficients α ν , α eν and α e listed in Table  II . The theoretical expressions for the integrated observables in baryon semileptonic decays can be found in Refs. [36, 63, 65] . These expressions require several inputs. First, the hadronic matrix element is written in terms of f 1 (q 2 ) and g 1 (q 2 ), the vector and axial-vector form factors, f 2 (q 2 ) and g 2 (q 2 ), the weak magnetism and electricity form factors, and f 3 (q 2 ) and g 3 (q 2 ), the induced scalar and pseudoscalar form factors, respectively, where q 2 is the momentum transfer squared. Time reversal invariance requires the form factors to be real. In the limit of zero momentum transfer, f 1 (0) and g 1 (0) reduce to the vector and axial-vector coupling constants g V and g A , respectively.
In the limit of exact SU(3) flavor symmetry, the hadron weak vector and axial vector currents belong to SU(3) octets, so the form factors of different baryon semileptonic decays are related by SU(3) flavor symmetry and given in terms of some reduced forms factors and Clebsch-Gordan coefficients. The weak currents and the electromagnetic current are members of the same SU(3) octet, so all the vector form factors for baryon semileptonic decays are related at q 2 = 0 to the electric charges and the anomalous magnetic moments of the nucleons. Furthermore, f 3 (q 2 ) vanishes in the SU(3) symmetry limit. In turn, the leading axial-vector form factor is given in terms of two reduced form factors F and D. Also, in the SU(3) symmetry limit g 2 = 0. Finally, g 3 (q 2 ), for electron or positron emission, has a negligible contribution to the decay rate due to the smallness of the factor (m e /M B )
2 which comes along with it. Thus, only three form factors are relevant in the description of baryon semileptonic decays, namely, f 1 (q 2 ), f 2 (q 2 ) and g 1 (q 2 ). As for the q 2 -dependence of the form factors, for f 1 (q 2 ) and g 1 (q 2 ) a linear expansion in q 2 is enough because higher powers amount to negligible contributions to the decay rate, less than a fraction of a percent, i.e., f 1 (q
, where the slope parameters λ f 1 and λ g 1 are both of order unity [65] . In contrast, the q 2 -dependence of f 2 can be ignored because it already contributes to order q to the transition amplitude.
Second, we also should take into account in the analysis the issue of radiative corrections to the integrated observables. For practical purposes, we will include these corrections following the lines of Refs. [63, 65] .
Finally, we also implement the magnitudes of the CKM elements V ud and V us as recommended in Ref. [2] and for definiteness we set ∆ = 0.231 GeV/c 2 , f = 93 MeV/c 2 and µ = 1 GeV/c 2 . Before we proceed with the numerical analysis, we should recall that among the available experimental data we can construct two different sets of observables. The first one is constituted by the decay rates and the g A /g V ratios; the second one is constructed with the decay rates and the angular correlation and spin-asymmetry coefficients. Unless noted otherwise, we do not include simultaneously in the analysis the g A /g V ratios and the angular and asymmetry coefficients, because the ratios are determined from the latter ones, i.e., these measurements are not independent.
The simplest possible fit we can perform is an SU(3) symmetric fit which involves only two parameters, namely, a 1 and b 2 ; this is equivalent to a fit using only F and D because at this level they are related as
By using the decay rates and the g A /g V ratios, the best-fit values are a 1 = 1.61 ± 0.01 and b 2 = −0.40 ± 0.06, or equivalently, F = 0.47 ± 0.01 and D = 0.81 ± 0.01, with a χ 2 = 53.85 for 12 degrees of freedom. Before drawing any conclusions about this rather high value of χ 2 , let us proceed to evaluate the effects of chiral loop corrections. The next fit we can perform consists in neglecting the baryon mass splitting ∆, which is equivalent to consider the degeneracy limit ∆/m Π → 0. Actually, a fit under these assumptions was already performed in Ref. [35] . The primary goal of that analysis was not to be definitive about the determination of g A , but rather to test the working assumptions. In the present analysis we are interested in quantifying the effects of a non-vanishing ∆ on g A . Thus, by using the decay rates and the g A /g V ratios listed in Table II , we find a 1 = 0.28 ± 0.07, b 2 = −0.67 ± 0.04, b 3 = 4.02 ± 0.26, and c 3 = −13.95 ± 2.92, with a χ 2 = 39.33 for 10 degrees of freedom. Hereafter, the quoted errors of the best-fit parameters will be from the χ 2 fit only, and will not include any theoretical uncertainties, unless stated otherwise. A close inspection of the output of the fit reveals that, except for c 3 , the values of the parameters obtained are as expected from the 1/N c expansion, namely, they are roughly of order 1. For c 3 the situation is radically different because it falls far away from any coherent expectation. Surprisingly, the effects of the loop corrections shift noticeably the values of a 1 and b 2 with respect to the SU(3) symmetric case previously discussed. This should not be a cause of concern. Actually, when loop corrections with both octet and decuplet baryons are taken into account, there appear two more coefficients b 3 and c 3 , which are directly related to the couplings C and H. For N c = 3 the relations are [54] (3) representations are listed. The decay rates and gA/gV ratios are used in the fit. 6 and H = −1.9 ± 0.7, as found in Ref. [49] .
As we can observe in Table III , the different SU(3) flavor contributions to g A follow the pattern dictated by the 1/N c expansion. The singlet corrections -the most significant ones-are roughly speaking 1/N c suppressed with respect to the tree-level value. Subsequent suppressions of the octet and 27 contributions are also noticeable. Hence, in spite of the high value of χ 2 , the fit in the degenerate case yields predictions of g A which are in accordance with expectations. However, the price we need to pay relies in the rather high values of the parameters of the theory, which is not completely satisfactory.
As mentioned before, an analogous fit was performed in Ref. [35] . Our analysis here differs from the former one in two crucial aspects. First, in Ref. [35] we used the experimental information accessible at that time [64] . The values of V ud and V us , however, have been updated along with the experimental information on the processes n → p and Ξ 0 → Σ + [2] . These improvements introduce perceptible differences in our current analysis. Second, in Ref. [35] we performed a constrained fit in order to get c 3 from the baryon-meson coupling |C| = 1.6. Now we obtain c 3 from the data only, on the same footing as the other parameters a 1 , b 2 and b 3 . Hence we may say that our present numerical results supersede the ones of Ref. [35] .
We now proceed with the evaluation of the effects of a non-vanishing decuplet-octet mass difference ∆. As in the previous fit, we use the experimental information on the decay rates and the g A /g V ratios in order to determine the parameters a 1 , b 2 , b 3 and Although the values of b 3 and c 3 are slightly higher than expected, we can say that there is a noticeable improvement of the best-fit parameters in this case with respect to the previous one. Besides, χ 2 reduces its value considerably to 1.78/dof, which indicates a much better fit. Also, F = 0.21 ± 0.02, D = 0.91 ± 0.02, C = −2.58 ± 0.14, and H = −12.2 ± 0.16. There are some rearrangements in the values of the parameters with respect to the previous case but still the output is not entirely satisfactory.
Let us now turn to the baryon axial vector couplings. The predicted values for g A are listed in Table IV . We observe that there is an overall agreement in these predictions. The 1/N c suppressions, dictated by the 1/N c expansion, are evident in all the flavor contributions to g A . While the singlet piece is the most significant one, the octet and 27 pieces exhibit suppressions relative to the tree-level value as expected. Still, we need to point out that the entries of process Ξ − → Λ show worrisome deviations from the expected values. This behavior has been systematically observed in other analyses [21, 35, 63] .
Next, we provide in Table V the observables obtained with the best-fit parameters in order to compare them with the experimental values displayed in Table II . The most important deviations between theory and experiment arise from the decay 
6 s −1 for the others. The decay rates and gA/gV ratios are used in the fit. (3) representations are listed. The decay rates and angular correlation and spin-asymmetry coefficients are used in the fit. 2 . Now we can redo the analysis by using the other set of experimental information discussed above, namely, the one constituted by the decay rates and the angular correlation and spin-asymmetry coefficients. At this stage we have at our disposal 8 decay rates and 17 coefficients. We have two more pieces of information available, the g A /g V ratios of the processes Ξ − → Σ 0 and Ξ 0 → Σ + ; we will use them because their coefficients have not been measured yet. As in the previous case, we proceed to perform the comparison between theory and experiment in the limit of vanishing ∆. The fit produces a 1 = 0.30 ± 0.06, b 2 = −0.65 ± 0.03, b 3 = 3.92 ± 0.24, and c 3 = −13.79 ± 2.17, with a χ 2 = 62.62 for 23 degrees of freedom. We observe that the values of the best-fit parameters do not change substantially with respect to their analogues when the decay rates and g A /g V ratios are used. Still, the differences, although small, are perceptible. The predicted g A are listed in Table VI for the sake of completeness. The different flavor contributions behave in the same way as in Table III .
When a non-vanishing ∆ is considered, the fit yields a 1 = −0.36 ± 0.02, b 2 = −2.50 ± 0.15, b 3 = 6.64 ± 0.15, and c 3 = 5.81 ± 0.25, with a χ 2 = 36.10 for 23 degrees of freedom. The predicted g A are given in Table VII . There are small but perceptible differences between the entries of this Table VII and those of Table IV.   TABLE VII : Predicted values of gA of some observed baryon semileptonic decays for non-vanishing ∆. Contributions from the different SU(3) representations are listed. The decay rates and angular correlation and spin-asymmetry coefficients are used in the fit. Fig. 1(a,b,c) , O(∆ 0 ) Fig. 1(a,b,c) , O(∆) Fig. 1(a,b,c) , O(∆ 2 ) Fig. 1 
04 ± 0.01 −1.69 ± 0.02 −1.59 ± 0.10 −1.46 ± 0.04
We conclude this stage of the comparison by providing in Table VIII the observables obtained with the best-fit parameters in this last case in order to compare them with the experimental values given in Table II . The highest deviations between theory and experiment come from
.68) and Σ − → n (χ 2 Σ − n = 4.11) and from α e in the processes n → p (χ 2 np = 2.10) and Λ → p (χ 2 Λp = 2.54), which together amount half the total χ 2 . In summary, although the inclusion of one-loop corrections, both for vanishing and non-vanishing decuplet-octet mass difference, in the numerical analysis displays some interesting trends, the output of the fits, particularly translated into the determination of the axial-vector couplings D, F , C, and H are not entirely satisfactory. We then learn that perturbative SU(3) symmetry breaking should play an important role in the numerical analysis, as we discuss in the next section.
B. Fits to the data on the β decay of the octet baryons and the strong decays of the decuplet baryons: Inclusion of both chiral and perturbative breaking corrections
The off-diagonal matrix elements of A kc + δA kc involving decuplet and octet baryons can be obtained through the strong transitions of decuplet baryons to octet baryons and pions. The available experimental information on the kinematically allowed strong decays ∆ → N π, Σ * → Λπ, Σ * → Σπ, Ξ * → Ξπ can be found in Ref. [2] in the form of widths. The formalism to obtain the widths of the strong decays of the baryon decuplet within chiral perturbation theory was originally introduced by Peccei [66] and further implemented in the analysis of Ref. [20] . In this formalism, the width of a decuplet baryon B ′ decaying into an octet baryon B and a pion is given by
where g is the axial vector coupling for this decay, C(B, B ′ ) is a Clebsch-Gordan coefficient which equals to
are the masses of the decuplet and octet baryons, respectively, f is the pion decay constant and E B and q are the octet baryon energy and the pion three-momentum in the rest frame of B ′ , respectively. With the help of Eq. (56), the axial vector couplings g can be determined for each decay and are listed in Table IX . Notice that the Clebsch-Gordan coefficients have been chosen in such a way that the g couplings are all equal in the limit of exact SU(3) symmetry [20] .
At this stage we have four extra pieces of experimental information at our disposal. In order to perform a comparison between theory and experiment in a more pragmatic manner, we will perform a global fit by using the experimental information on g A and g only, this time including both chiral and perturbative symmetry breaking corrections into our evaluation. The fits discussed in the previous section taught us that perturbative symmetry breaking, being of order O(ǫN c ), might have an important effect in the determination of the axial-vector couplings. Practically, they are of the same order as the singlet contribution in the loop corrections and should be retained.
Perturbative flavor SU(3) symmetry breaking involves several extra free parameters in the analysis. In order to overcome this difficulty, we will adopt the following strategy. We will incorporate perturbative symmetry breaking corrections up to next-toleading order, i.e., we only retain order O(N 0 c ) corrections to A kc in the 1/N c expansion (39), otherwise we loose predictive TABLE X: Predicted axial vector couplings for vanishing ∆. The experimental information on gA and g are used in the fit. Note that SU(3) flavor symmetry breaking is taken into account in two ways: explicitly through perturbative symmetry breaking (SB) and implicitly through the integrals occurring in the one-loop corrections. power. We also include SU(3) breaking in the strangeness zero sector only. Under these assumptions, A kc + δ kc SB takes on the simplified form
where W ∆S = 1 for ∆S = 1 processes (c = 4 ± i5) and vanishes for ∆S = 0 processes (c = 1 ± i2). Let us notice that the d i coefficients have been redefined according to the discussion of the previous section. In order to perform the fit in the limit ∆ → 0 in a consistent fashion, we should set b 3 = 0 in Eq. (57) and remove from δA Proceeding with the fit in the limit of vanishing ∆, using the experimental data on g A (or, alternatively, g A /g V ), the fit yields a 1 = 1.00 ± 0. Table X for the sake of completeness.
We find a fairly good agreement between the predicted and the observed couplings g A and g. Also, the pattern dictated by the various breaking pieces are in accordance with expectations. Of particular interest are the values of SU(3) symmetry breaking listed in the third column from left to right in that table.
When we finally redo the fit in the limit of nonvanishing ∆, we find a 1 = 0.64 ± 0. Also, the several breaking contributions to g A and g are listed in Table XI for the sake of completeness. Let us remark that in Tables X and XI the total correction to the (flavor-symmetric) tree-level value includes SU(3) flavor symmetry breaking in two ways: explicitly through perturbative symmetry breaking (SB) and implicitly through the integrals occurring in the one-loop corrections.
All along, the fits performed in this work point in one direction. While the values of the parameters a 1 and b 2 appear to be quite stable, the parameters C and H are only fairly well determined. Still, the fits performed here, as compared to the fits discussed in the previous subsection, have improved substantially. We thus conclude that it was important to also take into account perturbative SU(3) symmetry breaking effects into our analysis. XI: Predicted axial vector couplings for non-vanishing ∆. The experimental information on gA and g are used in the fit. Note that SU(3) flavor symmetry breaking is taken into account in two ways: explicitly through perturbative symmetry breaking (SB) and implicitly through the integrals occurring in the one-loop corrections. Fig. 1(a,b,c) , O(∆ 0 ) Fig. 1(a,b,c) , O(∆) Fig. 1(a,b, To close this section, we would like to emphasize that in the literature there are some analysis available to compare with, although it is difficult to assess the success of the many calculations of SU(3) symmetry breaking corrections to the axial vector form factors. Predictions that vary substantially from one another are obtained. For instance, in the paper by Dai and collaborators [20] the issue of 1/N c and perturbative SU(3) breaking corrections are discussed using information on both octet and decuplet baryons. Also, in the paper by Zhu, Sacco, and Ramsey-Musolf [29] chiral corrections are discussed, including SU(3) breaking perturbatively; they apply their results to octet baryons only. We limit ourselves to claim that, on general grounds, there is a good agreement between these calculations and ours.
VI. CONCLUSIONS
The present study was devoted to the evaluation of the baryon axial vector current up to one-loop order within large-N c baryon chiral perturbation theory, taking into account the mass difference between decuplet and octet baryons as well as perturbative flavor SU(3) symmetry breaking. In this framework, the one-loop correction to the baryon axial vector current amounts to an infinite series, each term representing a rather complicated structure of commutators and/or anticommutators, involving the baryon axial vector current A k and the baryon mass operator M. We have taken into account the first three contributions in this expansion, i.e., the degeneracy limit (AAA), the leading (AAAM) and the next-to-leading (AAAMM) order correction, respectively. We have explicitly evaluated these expressions -individually for the flavor singlet, flavor octet and flavor 27 contributions -up to order 1/N 2 c relative to the tree-level value. Large-N c cancellations occur between various Feynman diagrams at various levels which are a consequence of the SU(6) spin-flavor symmetry. We have also incorporated perturbative flavor SU(3) symmetry breaking at leading order in ǫ = m s −m into out analysis, which resulted in taking into account four more operators in the axial current, as compared to the SU(3) symmetry limit.
The order of the calculation envisaged in the present work allowed us to perform various fits. More precisely, fitting our analytical expressions against experimental data on baryon semileptonic decays, we are able to extract the basic parameters a 1 , b 2 , b 3 and c 3 of the 1/N c baryon chiral Lagrangian as well as the axial vector couplings g A for octet baryons. In a first approach we have neglected the mass difference ∆ = M T − M B between decuplet and octet baryons. This analysis thus follows the lines of the fit carried out in Ref. [35] . In a more refined approach, we then incorporate the effects of a non-vanishing mass difference.
In the first part of the analysis referring to the degeneracy limit ∆ → 0, the comparison between the experimental data and the theoretical expressions through a least-squares fit yields a rather poor χ 2 /dof = 3.95/dof. In the second part, where the ∆-effects are taken into account, the fit yields χ 2 = 1.78/dof, which can be considered as a better fit. Although in both cases the predicted observables, i.e. the decay rates as well as angular correlation and spin-asymmetry coefficients in baryon semileptonic decays are in good agreement with their experimental counterparts, the latter fit is preferred over the former one. This is because the best-fit parameters a 1 , b 2 , b 3 and c 3 , introduced in the definition of the axial-vector current Eq. (11) , are in accordance with the pattern to be expected from the 1/N c expansion, i.e., they are roughly of order 1.
While the above fits have been obtained by using the decay rates and the g A /g V ratios, to corroborate our analysis, we have performed the analogous fits but this time using as an input the other set of experimental data available, i.e. the decays rates and the angular correlation and spin-asymmetry coefficients. The results are perfectly consistent with those obtained with the first set of experimental data, both in the degeneracy limit and in the case of a nonvanishing decuplet-octet mass difference. Still, although the fits improve when a nonvanishing ∆ is considered, they are not completely satisfactory.
We thus perform yet another set of fits, which apart from baryon semileptonic decays also involves the four kinematically allowed strong decays of decuplet baryons. Now the fits improve substantially and we find a fairly good agreement between the predicted and observed axial couplings and the parameters D, F, C and H of the chiral Lagrangian.
In conclusion, it was essential to systematically consider the mass difference between decuplet and octet baryons as well as perturbative flavor SU(3) symmetry breaking in our analysis and in our subsequent fits. It allowed us to establish that the large-N c baryon chiral perturbation theory predictions regarding the renormalization of the baryon axial vector current are in very good agreement both with the expectations from the 1/N c expansion and with the experimental results.
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Appendix A: Loop integrals
The loop graphs involved in Fig. 1(a,b,c) can be expressed in terms of a single loop integral, namely
where µ is the scale parameter of dimensional regularization. The solution of this integral takes the form [39]
The derivatives of F (m, ∆, µ) required here read
(A5)
Appendix B: Reduction of baryon operators
The evaluation of the commutator-anticommutator structure
which represents the leading contribution to the renormalized baryon axial vector current for finite decuplet-octet mass difference, yields the following terms:
Flavor singlet contribution
{G ia , [G kc , [J 2 , G ia ]]} = − 1 2 (N f − 2)G kc + 1 2 (N c + N f )D kc 2 − 1 2 D kc 3 − O kc 3 ,(B1){G ia , [D kc 2 , [J 2 , G ia ]]} + {D ia 2 , [G kc , [J 2 , G ia ]]} = 2(N c + N f )G kc + 1 2 [N c (N c + 2N f ) − 9N f − 2]D kc 2 + 1 2 (N c + N f )D kc 3 − 2D kc 4 ,(B2){D ia 2 , [D kc 2 , [J 2 , G ia ]]} = (N f + 2)O kc 3 ,(B3){G ia , [D kc 3 , [J 2 , G ia ]]} + {D ia 3 , [G kc , [J 2 , G ia ]]} = 2[N c (N c + 2N f ) + 2N f ]G kc + 10(N c + N f )D kc 2 + 1 2 [2N c (N c + 2N f ) − 17N f − 2]D kc 3 − 2(N f − 2)O kc 3 + (N c + N f )D kc 4 − 3D kc 5 ,(B4){G ia , [O kc 3 , [J 2 , G ia ]]} + {G ia , [G kc , [J 2 , O ia 3 ]]} + {O ia 3 , [G kc , [J 2 , G ia ]]} = 3(N c + N f )D kc 2 − 3 2 N f D kc 3 + 1 2 [2N c (N c + 2N f ) − 13N f + 2]O kc 3 + (N c + N f )D kc 4 − D kc 5 − 5O kc 5 .(B5)
Flavor octet contribution
3. Flavor 27 contribution
The next-to-leading order contribution to the renormalized baryon axial vector current for finite decuplet-octet mass difference involves the two operator structures
with two mass insertions. The explicit evaluation of the various contributions reads:
and the corresponding coefficients read
8 , (C12)
8 , (C17)
8 .
Finally, for the 27 representation we obtain
where the operator basis is 
27 , (C39)
27 , (C40)
27 , (C41) 
27 , 
27 ,
27 , (C65)
27 , (C78)
B1B2 np
Σ ± Λ Λp Σ − n Ξ − Λ Ξ − Σ 0 Ξ 0 Σ + ∆N Σ * Λ Σ * Σ Ξ * Ξ
